Summary &mdash; The monoterpene response of phloem and sapwood of individual pines belonging to 3 species (Pinus contorta, Pinus ponderosa and Pinus monticola) to inoculation with Ophiostoma clavigerum and injection with chitosan, a proteinase inhibitor-inducing factor and a control buffer, was investigated quantitatively and qualitatively. The total quantity of monoterpene in the reactive tissues increased with each treatment but to different levels. In each tree, the monoterpene composition of the reactive tissues differed from that of the unwounded tissues, but was the same whatever the treatment, even in the case of an injection with buffer control. In addition, phloem and sapwood responses were qualitatively identical although constitutive compositions differed greatly. The composition of reactive tissues was not very different from that of unwounded sapwood. The direction of variation of each monoterpene from unwounded to reactive tissues differed according to the particular tree. Only phellandrene + limonene reacted consistently. From these results we cannot conclude that chitosan is a natural elicitor, and the non-specificity of the response for the aggression favors the hypothesis that an elicitor originates from the tree itself. Because of this non-specificity, and the fact that the three trees responded in a qualitatively different manner, we suggest that the qualitative monoterpene response of the tree is not adapted to any specific aggressor even though these trees are usually hosts of the same bark beetle-fungus complex. Thus, the role of monoterpenes in the induced defensive response is very likely a quantitative and dose-dependent relationship. 
. During bark beetle attacks, this fungus stimulates host parenchymal cells to produce resin which impregnates the tissues located around the site of attack (Reid et al, 1967; Berryman, 1969; Lieutier and Berryman, 1988) . This induced reaction is the main line of tree defense against the attack of the bark beetle and its associated fungus. However, the nature and the origin of the chemical elicitor responsible for the stimulation of the parenchyma cells is not clear.
In a previous paper, we reported the histological changes induced in the reactive tissues of these 3 pine species by artificial inoculations of O clavigerum and injections of 2 chemical elicitors, chitosan and a proteinase inhibitor-inducing factor (PIIF) (Lieutier and Berryman, 1988 (Ryan et al, 1985) . Both chitosan and PIIF are possible elicitors of induced responses in plants naturally attacked by insects and fungi (Hadwiger et al, 1981; Walkers-Simons et al, 1984; Green and Ryan, 1972) .
Quantitative and qualitative monoterpene modifications in response to the attack of bark beetles and associated fungi have been reported in conifers by several authors. Shrimpton (1973) , Raffa and Berryman (1982a) , Schuck (1982) and Delorme and Lieutier (1990) Russel and Berryman (1976) and Raffa and Berryman (1982a) in A grandis, by Raffa and Berryman (1982b) in P contorta, by Cook and Hain (1985) in Pinus taeda L and by Delorme and Lieutier (1990) Schuck (1982) reported changes in some monoterpene components of P abies sapwood after wounding.
MATERIALS AND METHODS
The experimental devices and techniques were previously described by Lieutier and Berryman (1988) . One specimen of each tree species (P contorta, P ponderosa, P monticola, = 30 cm diameter breast height from an even-aged mixed conifer stand) received a total of 12 inoculations (4 treatments replicated thrice) in July 1985 at breast height using the cork-borer technique (Wright, 1933; Wong and Berrryman, 1977 Cates and Alexander, 1982) , variations between species are much greater to the extent that they can be used as taxonomic characteristics (Zavarin et al, 1977) .
Our study was designed to examine the extremes of variability in the defensive reaction to a pathogen and 2 elicitors.
RESULTS
As the extracts were filtered on silica gel, oxygenated compounds were probably lost from the samples. Thus, in the following, the word "total monoterpene" refers only to hydrocarbides which in fact correspond to most of the monoterpene compounds.
Concentrations (Raffa and Berryman, 1982b; Smith, 1983) and P ponderosa mainly limonene (Smith, 1966 
Comparison between treatments
The increase in total monoterpenes (hydrocarbides) after treatment is in agreement with all previous results of phloem and sapwood reactions in different conifer species (Shrimpton, 1973; Russel and Berryman, 1976; Raffa and Berryman, 1982a, b; Schuck, 1982; Miller et al, 1986; Delorme and Lieutier, 1990 The conclusion that the reaction is nonspecific for the agression supports the results of Cook and Hain (1985) , with Loblolly pine and 2 strains of Ophiostoma minus, and of Delorme and Lieutier (1990) with Scots pine and 3 different fungi and 1 beetle species. In his histological studies, Mullick (1977) 
Comparison between tissues
The monoterpene composition of reactive tissue was similar for phloem and for sapwood in all 3 species, but the composition of constitutive tissues was different. Thus, the reaction state of tissues can be characterized by a well-defined monoterpene composition in a particular tree, and this does not depend on the initial composition of the tissue. Shrimpton (1973) did not find significant qualitative changes in the sapwood of P contorta in response to attacks by D ponderosa. This is explained by the fact that reactive sapwood had a composition close to that of unwounded sapwood. Shrimpton (1973) only found an increase in &beta;-phellandrene, which is contrary to our results, but this may be due to betweentree variation in the qualitative response, as observed by Schuck (1982) in the sapwood of P abies and by Delorme and Lieutier (1990) (1988) suggested that the neosynthesis against a beetle-associated fungus in Pinus pinaster is preceded by the reactivation of previously inactive cells.
Comparison between trees
In response to aggressors, each tree responded in a different manner. There were no between-tree similarities in the monoterpene response. Indeed, only one terpene varied in the same direction (decrease) in the 3 trees. The modification of the monoterpene ratio in response to O clavigerum was thus different in each tree although they are all hosts of D ponderosae and O clavigerum. Russel and Berryman (1976) , Bordasch and Berryman (1977) LeConte, the beetle associated with T symbioticum. Conversely, the monoterpenes least repellent to this beetle decline in the defense reaction (Bordasch and Berryman, 1977 (Smith, 1966) ; limonene is the most toxic monoterpene to this beetle, followed by &Delta;3-carene and myrcene (Smith, 1965) . In our P ponderosa samples, however, myrcene and &Delta;3-carene increased while limonene decreased. Raffa and Berryman (1982b) found that the percentages of &alpha;-pinene and limonene increase while &Delta;3-carene decreases in the response of P contorta to O clavigerum while in our experiment concentrations of &alpha;-pinene and &Delta;3-carene both increased. These results suggest that between-tree variability in monoterpene composition is the rule in the response of P contorta, as is also true for P abies (Schuck, 1982) and P sylvestris (Delorme and Lieutier, 1990) .
Consequently, the qualitative monoterpene response of conifers does not seem to be adapted to the species of aggressor.
Instead, the role of monoterpene in the induced reponse of conifers to aggression is probably quantitative and dose-dependent, as previously suggested (Raffa and Berryman, 1982a, b; Delorme and Lieutier, 1990) .
